A shrinking of Alabama's nonindustrial private pine forest prompted an analysis of recent trends in afforestation and regeneration. There has been an 828,100-acre addition to the nonindustrial pine-site timberland base from nonforest land uses. Planting has replaced natural seeding as the major cause of afforestation to pine. The area of nonindustrial pine-site timberland harvested in Alabama increased by 29 percent recently. Across all forest types, 68 percent of the harvest area had at least medium stocking of pine following harvest. There has been a significant improvement in the rate at which sites capable of supporting pine are regenerated with pine. The reforestat~o n rate was estimated at 73 percent, compared with 47 percent 8 years ago.
INTRODUCTION
Recent inventories of Alabama's forest resources (conducted in 1972, 1982, and 19901 have revealed some disturbing trends in conditions of nonindustrial private pine forests. Over the past 18 years, removals of pine have increased by 72 percent, and pine growth has decreased by 18 percent (McWilliams, in press ). The 1990 inventory indicated that removals of pine now exceed growth by 17 percent-a reverse of the situation in 1972 when growth exceeded removals by 80 percent. As a result, pine inventory volume has decreased. This development has caused some analysts to be critical of nonindustrial private owners, particularly in the realm of pine regeneration (USDA FS 1988) . The concern over regeneration was sparked by a 15-percent decrease in the area of nonindustrial pine forest between the 1972 and 1982 inventories.
Changes in the area of pine forest are the net effect of several forces, including competition among land uses, forest succession, afforestation, and reforestation. Between 1982 and , the area of pine-type timherland decreased, but only by 2 percent. The slower rate of decrease represents a n important landmark in the history of nonindustrial private forestry because it has been associated with a trend toward more intensive management. This publication documents trends in afforestation and reforestation that have taken place over the past two decades.
METHODS
contract acreage were obtained from USDA Forest Service, Cooperative Forestry'.
The SO-FIA conducts inventories in Alabama (fig. 11 and other Midsouth States. The SO-FIA uses a twophase sample of temporary aerial photo points and a systematic grid of permanent ground plots. The area of forested land is determined by photointerpretation of temporary points and field checks of permanent plots. Field measurements are conducted on a portion of the permanent'plots located on a 3-mile grid. A wide array of tree-level and plot-level measurements are collected a t all measurement plots that were forested either a t the time of the previous inventory or a t the time of the current inventory. Information for each measurement plot is expanded using factors developed as part of the forest area determination. More detailed coverage of SO-FIA procedures is provided elsewhere (Kelly, in press; McWilliams, in press ; USDA FS 19901. An important component of the SO-FIA inventories is the collection of data on harvesting and regeneration that began during the 1982 inventory of Alabama (see McWilliams 1990 for more information). Completion of the 1990 inventory has provided the first opportunity to examine trends in the status of pine regeneration. A subsample of the SO-FIA plots measured in 1982 and 1990 was used to analyze the status of pine regeneration following commercial harvest. The subsample consisted of plots located on nonindustrial timherland that were commercially harvested since the last inventory. Broad ownership category (farmer, corporate, or miscellaneous individual) was determined from county tax assessors and contact with Most of the data used for analyzing afforestation owners. Plots on timherland leased to forest industry and reforestation were obtained as part of the succeswere included. Harvesting was classified by field sive forest inventorv Drocess carried out bv the USDA Figure 1 . F o r e s t &nuentory regions of Alabama foresters using existing plot conditions and personal judgment to distinguish between commercial harvest and other management activities, such a s thinning or stand improvement cutting. Commercial harvesting was grouped into two classes: clearcut and partial cut. Partial cuts include pine selection cuts, diameter limit cuts, highgrading, or any other practice that removes the most marketable trees, leaving a residual stand containing merchantable trees. For convenience, seed tree cuts, shelterwood cuts, and salvage cuts were included in the partial cut category.
Residual pine stocking was assessed by comparing the existing stocking of pine trees with the area occupancy standard used by SO-FIA. The SO-FIA standard represents "normal" or "full" stocking for southern forests and is expressed a s number of trees or basal area by diameter class. For example, in a stand composed entirely of seedlings, the minimum for full stocking is 600 stems per acre. For stands with a mixture of tree sizes, the comparison is made by weighting trees according to the inverse relationship between size and number of trees per acre (May 1990 ).
Residual pine stocking encompasses trees of the newly regenerated stand, either planted or seeded, a s well as any trees left from the previous stand. Trees with little or no management potential are excluded. As such, residual pine stocking measures the degree to which the site is occupied by a "manageable" stand of pine. Stocking is grouped into three classes:
Low-less than 30 percent stocked with pine. Medium-from 30 to 59 percent stocked with pine. High-at least 60 percent stocked with pine.
The purpose of this grouping is to provide a n indication of probable future forest type. Although this is a very useful measure of pine regeneration, it should be noted that there is no absolute measure of success or failure because management objectives vary by owner and forest type.
So that the analysis of pine regeneration could focus on timberland suitable for growing pine, the subsample was limited to well-drained upland sites with a proven ability to support pine-termed "pine-site timberland," which is different from "pine forest types." The SO-FIA classifies forest type based on the relative stocking of dominant andlor codominant pine and hardwood trees. Pine forest types are defined as stands in which 50 percent or more of the stocking consists of pine species. Mixed pine-hardwood stands (synonymous with "oak-pine" used in some reports) are dominated by hardwoods but are a t least 25 percent stocked with pine. Pine, mixed pine-hardwood, and hardwood forest types are all common on pinesite timberland. When forest type is discussed in conjunction with harvesting, forest type prior to harvest is used because of rapid changes in vegetative dominance that occur in early stand development.
RESULTS

Afforestation
Afforestation of agricultural and other nonforest land is an important source of new pine forests. For the most recent inventory period, the total area added to nonindustrial private pine-site timberland in Alabama was 828,100 acres, a 14-percent increase from the previous period (table 1). The increase was due to expansion in the acreage of pine forest types. Of the new pine forest, 9 out of 10 acres were previously agricultural land.
The most notable trend in afforestation has been the shift from natural seeding of abandoned farmland to planting of marginal cropland and other agricultural land. Artificial regeneration has now replaced natural regeneration as the major source of pine stands that are added to the nonindustrial timberland base ( fig. 2 ). The area of new pine stands established artificially nearly tripled between the two inventory periods and now akounts for about three-fourths of the additions to pine forest. The area of pine stands added by natural means decreased by 38 percent.
Information on forest planting and CRP contract acreage puts recent afforestation trends into perspective. Increased forest planting over the past decade is unprecedented in the history of nonindustrial forestry in Alabama ( fig. 3 , table 2). The previous peak in planting (156, 200 Alabomo, 1972 Alabomo, -81 and 1982 Alabomo, -89 1972 Alabomo, -81 1982 The CRP provided a major impetus for the surge in planting, but was not the only factor. In the years since the CRP began, contract acreage was 38 percent of total forest planting. More important, CRP contract acreage represented two-thirds of the area added to pine-site timberland by artificial means. The niost significant factor in the overall increase in planting has been reforestation.
Reforestation
Haruesting.--The current inventory of Alabama indicates that commercial harvest activity was carried out on 4.1 million acres, or 31 percent of the nonindustrial pine-site timberland, during the period since the 1982 inventory. This figure is a 29-percent increase over the previous period ( fig. 4, table 3) . Demand for pine timber has increased, and nonindustrial private owners are satisfying a higher proportion than in the past. The shift has occurred as the forest industry has begun to reach an equilibrium in the area harvested on its own land. The largest increase in harvested area took place on timberland owned by miscellaneous individuals.
Sixty-three percent of the harvest area was cut using partial cutting, the predominant harvest method of nonindustrial private owners. This con- trasts with forest industry, which used clearcuts twothirds of the time. Partial cutting was very common on timberland owned by farmers and miscellaneous individuals and less common on corporate timberland ( fig. 5) .
The heavy use of partial cuts by nonindustrial private owners is common across the South and reflects a preference for low-cost silvicultural systems with a strong reliance on natural regeneration. In many cases, stands are essentially clearcut for a particular product, such as sawlogs or all available pine fiber. Nonproduct trees are often left standing, thus avoiding the expense of removal and site preparation that would be incurred under more intensive systems. The residual trees cause stands to be classified as partial cut, but such stands are often treated like clearcut stands. With an adequate seed supply, ample moisture, and freedom from competing vegetation, the chances for the development of adequate pine stocking are good. If understory and midstory hardwoods are left intact, succession to a hardwood forest type is probable (Langdon 1981) . Increased demand for hardwoods in the last 5 years has offered a new opportunity for nonindustrial owners to reduce hardwood stocking in stands with a substantial hardwood component. Also, as planting records demonstrate, planting of pine is emerging as a tool for supplementing natural management on sites where it is economically feasible.
Residual Pine Stocking.-Regeneration success can be assessed by evaluating residual pine stocking in harvested stands. Conclusions regarding the status of pine regeneration depend on which forest types are included and what level of pine stocking is considered to be adequate. The assessment will vary depending on one's viewpoint. For example, is it necessary to regenerate all mixed pine-hardwood and hardwood stands with pine? Or is regeneration of a pine stand as a mixed pine-hardwood stand acceptable? This assessment addresses a range of viewpoints. For simplicity, the entire block of harvested timberland is used in the analysis, and a range of preharvest forest types and pine stocking class combinations is discussed. All the details of residual pine stocking by ownership, preharvest forest type, and method of harvest are contained in tables 4 through 6 for readers interested in answers to more specific resource questions.
For all forest types combined, 30 percent of the harvested pine-site timberland in Alabama had a high stocking of pine following harvest ( fig. 6 ). In the absence of negative forces, such as fusiform rust or drought, most stands with a high stocking of pine will develop into pure pine stands. An additional 26 percent had medium pine stocking, which may be con- 
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a CLEARCUT sidered adequate in some cases. Some of the mediumstocked stands will develop into pure pine stands and others will contain a mixture of pine and hardwoods. Without further treatments to boost pine stocking, the timberland with low pine stocking will probably evolve into stands dominated by hardwood.
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When all forest types are considered, combining timberland with high and medium stocking of pine makes it possible to appraise the area of harvested timberland that should contain a significant component of pine. The percentage of timberland harvested with at least medium stocking went from 50 to 56 percent between the two inventory periods.
Another approach is to examine pine and mixed pine-hardwood stands because they supported a significant component of pine prior to harvest. The most recent inventory shows that 38 percent of such stands had high pine stocking and 30 percent had medium stocking ( fig. 7) . This finding compares with 26 and 29 percent, respectively, for these two classes in the previous inventory. The biggest improvements occurred on land owned by corporations and miscellaneous individuals.
As would be expected, regeneration was most successful following harvest of pure pine stands. Fortyseven percent of the harvested pine stands had a high stacking of pine following harvest ( fig. 8 ). At first, this figure may seem low, but it must be remembered that other forest types also provide a source of new pine stands. For example, 30 percent of the hardwood stands harvested in the most recent inventory had at least medium pine stocking. Also, there has been significant improvement, as only 33 percent of the harvested pine stands had high stocking in the previous inventory. On a percentage basis, corporate-owned land showed the most dramatic improvement.
Pcne Reforestation Rate.-As just illustrated, comprehensive statements about regeneration are confounded by the number of variables involved and the difficulty of making concise assumptions regarding appropriate management objectives for nonindustrial private owners. Examining a range of pine stocking levels for the various forest types that were harvested is preferred for its flexibility; however, some measure of overall success is needed. The pine reforestation rate provides such a measure, as it captures not only the success of regenerating pine stands, but also the conversion of mixed pine-hardwood and hardwood stands. The reforestation rate is defined as the total area of harvested pine stands divided by the area of harvested pine-site timberland that exhibits a high stocking of pine. The results indicate remarkable improvement in the regeneration of pine forests ( fig. 9 ). At the time of the previous inventory, the reforestation rate was 47 percent. The reforestation rate increased to 73 percent over the most recent inventory period. By owner, the current rates are 66 percent for farmers, 84 percent for corporations, and 73 percent for miscellaneous individuals.
DISCUSSION
Although the rate of pine forest loss has slowed considerably, concern remains over the loss of 1.0 million acres of nonindustrial private pine forest in Alabama between 1972 and 1990. The 1990 inventory revealed two positive trends that suggest improvement is possible: (1) increased additions to pine forest from other land uses and (2) improvement in pine regeneration. The former was heavily affected by afforestation efforts of the CRP. The latter suggests that nonindustrial owners are improving their forest management practices and is very important because it took place along with an increase in harvest area. The overall increase in planting provides further evidence of management intensification. The Forestry Incentives Program of 1974 and Federal, State, and industry stewardship programs have all played important roles.
Given the limited investment capital available to many nonindustrial private owners, it is important to consider new research on alternatives to highly intensive management practices. This point is especially significant in light of findings that natural regeneration has the potential to yield a higher internal rate of return on investment than planting, 10.8 percent versus 10.1 percent (Dangerfield and Edwards 1991) . Current research covering low-cost regeneration techniques for pine-site timberland offers promise (Edwards and Dangerfield 19901, as do inexpensive management treatments for rapid recovery of understocked pine stands (Baker 1989) . Drastic improvement in natural regeneration of pine has been achieved simply by timing harvest to coincide with the dormant season (McMinn and Nutter 1988) . Other re- Figure 9 . P t n e reforestation rate on commercially harvested nonindustrial-pr~uate pine-site timberland by oroner~ ship, Alabama, 197241 and 1982-89. search has shown that mixed-stand management is a viable alternative for stands with a substantial hardwood component (Cain 1988, Phillips and Abercrombie 1987) . The recent expansion of demand for hardwood fiber can make this approach profitable in some instances. Alabama's forests are very dynamic. Factors t h a t affect afforestation and reforestation vary considerably over time. Therefore, on-the-ground assessment should become a standard component of the forest inventory process. Such assessments can help decisionmakers to formulate sound policies and research analysts to predict the character of future timber supplies.
